Esophageal squamous cell carcinoma (ESCC) is a gastrointestinal carcinoma with a poor prognosis. To improve the survival of patients with this disease, neoadjuvant chemotherapy (NAC) has been introduced. However, the survival benefits of NAC or the correlation between NAC and postoperative complications have not been well considered. In the present study, we retrospectively investigated the clinicopathological effectiveness of NAC in patients with clinical stage II and III thoracic ESCC. This retrospective study enrolled 63 patients with clinical stage II and III thoracic ESCC, who underwent resection of the thoracic esophagus and three-field lymph node dissection between January 2007 and December 2013. NAC with cisplatin plus 5-fluorouracil (5-FU) was introduced in 38 patients. NAC did not correlate with the occurrence of postoperative complications. The 5-year disease-free survival (DFS) rate of the 38 patients with NAC (41.6%) was similar to that for the 25 patients who did not receive NAC (38.1%; P = 0.784). However, we found that the DFS of 17 patients with histopathological Grade 2 and 3 tumors who received NAC (5-year DFS rate: 58.1%) was significantly higher than that of 21 patients with low histopathological grade tumors who received NAC (5-year DFS rate: 28.6%), or than that of the 25 patients who did not receive NAC (38.1%). Moreover, we found that the effectiveness of NAC assessed macroscopically did not correlate with the effectiveness of NAC assessed microscopically. These findings may indicate that preoperative estimation of NAC effectiveness is important in avoiding unnecessary adverse drug effects caused by NAC, and in prolonging the survival of patients with thoracic ESCC.
Introduction
Studies on the distribution of lymph-node metastases in patients with resected thoracic esophageal squamous cell carcinoma (ESCC) have revealed extensive metastases to lymph nodes located in the neck, chest and abdomen [1] . Thus, in Japan, subtotal esophagectomy with radical three-field dissection of cervical, thoracic and abdominal lymph nodes has been introduced as an effective therapeutic strategy for localized thoracic ESCC [2] . However, the prognosis of patients with thoracic ESCC remains poor and many patients die as a result of tumor recurrence, even after curative resection has been performed.
The Japan Clinical Oncology Group (JCOG) has conducted two randomized controlled trials (JCOG 9204 and the JCOG 9907) to assess the potential benefits of adding adjuvant therapy to surgery in patients with ESCC [3] [4]. The JCOG 9204 study assessed the benefit of postoperative adjuvant chemotherapy with cisplatin plus 5-fluorouracil (5-FU) as compared with surgery alone in patients with resectable stage I or II esophageal cancer. Overall survival did not differ significantly between the groups (5-year survival rate, 52% of surgery alone group vs. 61% of surgery plus adjuvant chemotherapy group; P = 0.13). Disease-free survival was improved significantly in the patients who received postoperative chemotherapy, and especially in patients with lymph node metastasis. In the JCOG 9907 study, neoadjuvant chemotherapy (NAC) with cisplatin plus 5-FU was compared with postoperative chemotherapy with cisplatin plus 5-FU in patients with clinical stage II or III esophageal cancer. NAC was found to be superior to postoperative chemotherapy in terms of overall survival. The 5-year survival rate was 60% in the neoadjuvant group and 38% in the adjuvant group (P = 0.013). On the basis of these results, NAC followed by radical surgery is recommended in cases of locally advanced squamous cell carcinoma.
However, the influence of NAC on postoperative complications has not been well discussed. In the present study, we retrospectively compared mortality and morbidity after surgery between the two groups (the group treated with NAC and the group not treated with NAC) consisting of clinical stage II and III patients with operable thoracic ESCC.
Materials and Methods

Patients
Esophagogastroscopy, computed tomography (CT) scanning, endoscopic ultrasound and positron emission topography were all routinely used in staging the tumors of patients diagnosed with ESCC. Fitness for surgery was assessed through clinical examination, pulmonary function tests, electrocardiography, echocardiography and exercise tolerance testing. After physical examination, and hematological and biochemical investigations, patients with potentially resectable disease who were deemed physiologically fit for surgery were analyzed in this study. Patients with T4 cancer (invasion to adjacent organs), with distant metastasis (to lung, liver, bone or extended lymph nodes), with a poor Eastern Cooperative Oncology Group Performance Status (PS > 2), with sever dysfunction of organs (such as cardio-pulmonary, liver and kidney), of advanced age (>80 years) were excluded from surgical treatments in our institute. Between January 2007 and December 2013, 63 patients with clinical stage II and III thoracic ESCC underwent resection of the thoracic esophagus and three-field lymph node dissection at Tottori University Hospital. Patients who underwent transhiatal esophagectomy without thoracotomy, left side thoracotomy with laparotomy plus two-field lymph node dissection, and a salvage operation were excluded from this study. The mean age of patients was 65.4 years (range, 49 -78 years). Fifty-six were males and seven were females. All patients were followed up at Tottori University Hospital until September 2015. The median follow-up period was 32 months (range, 2 -101 months). Written informed consent was required from all patients before treatment. All investigations reported in this study were conducted in conformity with the Recommendations from the Declaration of Helsinki.
Surgical Procedures
Between January 2007 and August 2009, traditional right antero-lateral thoracotomy with laparotomy (open method) has been routinely performed. Since September 2009, thoracoscopic thoracic esophagectomy with patients in the prone position, has been undertaken (thoracoscopic method). However, right antero-lateral thoracotomy was indicated for cases involving strong adhesion between the lung and the pleura. Twenty-six patients were treated using the open method and 37 using the thoracoscopic method. In both methods, intraoperative histological analysis of frozen-sections of tissue from the proximal margin was routinely performed. The stomach was delivered into the thorax and a 5 cm circumference gastric tube fashioned using a stapler was inserted in 54 patients. However, in nine patients with double cancers (esophageal and gastric cancer) or gastrectomized cases, the jejunum was elongated to the cervical esophagus or pharynx through the ante-sternum root. Anastomoses between the cervical esophagus or pharynx and the gastric tube or jejunum were performed using the Gambee method.
Chemotherapy
S-1 adjuvant chemotherapy has routinely been introduced for patients with stage II or III ESCC in our institute. Since 2010, in accordance with the results from the JCOG 9204 and 9907 studies, NAC involving cisplatin plus 5-FU has been offered to patients who had been diagnosed as having clinical stage II and III thoracic ESCC in our institute. One course of chemotherapy was delivered in 3 weeks. The patients underwent two courses of protracted infusion of 5-FU (800 mg/m 2 /day) on days 1 -4 and days 29 -32, and 2-h infusions of cisplatin on days 1 and 29 (80 mg/m 2 ), together with adequate hydration and antiemetic coverage. Surgical resection was carried out at 6 -8 weeks after the completion of chemotherapy. However, if the patients did not agree with NAC treatment, traditional S-1 adjuvant chemotherapy was introduced. Thus, in 63 patients, NAC was planned for 38 patients and adjuvant chemotherapy was planned for 25 patients.
Macroscopic Evaluation of the Effectiveness of NAC
In cases of NAC, we evaluated the effectiveness of NAC by comparing the findings from endoscopy and CT before and after NAC. Treatment effectiveness was determined in accordance with the guidelines of the Response Evaluation Criteria in Solid Tumors (RECIST) Group [5] .
Pathological Analysis
The specimens together with any separately harvested lymph nodes were classified using the Union for International Cancer Control (UICC) TNM classification for esophageal cancer [6] . An R0 resection was defined as complete tumor excision with all margins histologically free of tumor. In accordance with the UICC TNM classification, histopathological stage I thoracic ESCC was detected in 12 patients, stage II in 19 and stage III in 32. The effectiveness of NAC was determined histopathologically in accordance with the grading system of the Japanese Classification of Esophageal Carcinoma [7] . Grading was as follows: Grade 0, no part of the tumor was affected; Grade 1, less than two-thirds of the tumor was affected; Grade 2, between two-thirds and the entire tumor was affected; and Grade 3, no residual tumor was present (pathologically complete response).
Statistical Analysis
The Mann-Whitney U test, Chi-squared test and Fisher's exact probability test were used to compare the clinicopathological characteristics of the two groups. Long-term survival was calculated using the Kaplan-Meier method and the prognostic differences between the two groups was compared using the log-rank test. A P-value < 0.05 was considered statistically significant.
Results
A total of 63 patients diagnosed as having clinical stage II and III thoracic ESCC who were considered fit for a surgical treatment strategy underwent esophagectomy, and R0 operations were performed. A total of 37 of these patients were treated using the thoracoscopic method while 26 underwent the open method. Esophageal substitution involving a gastric tube was used in 54 patients and the jejunum was used in nine patients. The clinical characteristics of the 63 patients are detailed in Table 1 . NAC with cisplatin plus 5-FU was introduced in 38 patients.
Surgical complications were evident in 29 (46%) patients. Anastomotic leakage occurred in 20 patients, chylothorax in four, pneumonia in three and necrosis of the substituted esophagus in two. One patient with postoperative chylothorax died within 2 months after surgery. Thus, the surgical morbidity was 46% and the mortality was 1.6%. The mean postoperative hospital stay of the 29 patients with postoperative complications (87.4 days) was significantly longer than that of the 34 patients who did not have complications (27.6 days; P < 0.001). The correlations regarding the occurrence of postoperative complications and clinical factors were analyzed ( Table 2) . Median values were used as cut-off values for patient age, operation time, intraoperative blood loss and number of dissected lymph nodes. We found that NAC was not a factor in postoperative complications. The 5-year disease-free survival (DFS) rate and 5-year overall survival (OS) rate of all patients were 40.7% and 44.7%, respectively. In the 38 patients treated with NAC, only one course was performed in six patients (15.8%) because of severe adverse events (neutropenia, 4; diarrhea, 1; renal dysfunction, 1); two courses of NAC was accomplished in the remaining 32 patients. Adjuvant chemotherapy using S-1 was planned for 25 patients. However, because of surgical complications and declining patient PS, S-1 adjuvant chemotherapy could be administered to only 7/25 (28%) of the patients. The long-term outcomes were compared. The 5-year DFS and 5-year OS of the 38 patients treated with NAC (41.6% and 45%, respectively) were not significantly different from those of the 25 patients who were not treated with NAC (38.1% and 44.2%, respectively; P = 0.784 and P = 0.855, respectively). In addition, the 5-year DFS and 5-year OS of the 34 patients who did not have postoperative complications (40.3% and 48.6%, respectively) were similar to those of the 29 patients with postoperative complications (42.5% and 39.4%, respectively; P = 0.873 and P = 0.221, respectively).
In the 38 patients treated with NAC, a partial response (PR) was detected in nine (23.7%) at preoperative evaluation of NAC according to the RECIST criteria. Stable disease (SD) was achieved in 26 patients and progressive disease (PD) in three. The 5-year DFS and the 5-year OS of the nine patients with a PR (50% and 27.8%, respectively) were not significantly different from those of the 26 patients with an SD and the three patients with a PD (39.5% and 50.6%, respectively; P = 0.956 and P = 0.496, respectively). In addition, histopathological Grade 0 disease was detected in one patient, Grade 1 in 20, Grade 2 in 16 and Grade 3 in one. Twenty-one patients with histopathological Grade 0 and 1 disease were divided into the low grade group and 17 patients with histopathological Grade 2 and 3 disease were divided into the high grade group, respectively. No correlation was detected between the RECIST criteria and histopathological grading (P = 0.984). The 5-year DFS rate of the 17 patients in the histopathological high grade group (58.1%) was significantly higher than that of the 21 patients in the histopathological low grade group (28.6%; P = 0.048; Figure 1) . However, the 5-year OS of both group was not different (high grade group, 56.5%; low grade group, 37.4%; P = 0.218). We found no correlation between the successful execution of NAC treatment and histopathological effectiveness (P = 0.132; data not shown), and no correlation between successful execution of NAC treatment and DFS (P = 0.652; data not shown).
Discussion
In this retrospective study, we found that NAC did not correlate with the development of postoperative complications such as anastomotic leakage, respiratory complications (defined as isolated respiratory compromise secondary to pneumonia, persistent pneumothorax or pulmonary embolism), cardiovascular complications (defined as the presence of a persistent arrhythmia or myocardial infarction), chylothorax, wound infections and other infectious complications (including urinary tract infections, line infections and intra-abdominal and mediastinal collections requiring drainage). Hirao et al. [8] and Kumagai et al. [9] reported that preoperative chemotherapy or chemoradiotherapy did not increase the risk of morbidity or mortality. Recent studies have demonstrated that nutritional disadvantage that is evident during NAC may correlate with the occurrence of postoperative complications [10] [11] . Thus, NAC itself may not be one of the causative factors of postoperative complications.
NAC followed by radical esophagectomy prolonged the DFS of patients with locally advanced ESCC but the increase was not significant. In contrast, we found that patients with only high histopathological responses after NAC (Grade 2 -3; 5-year DFS, 58.1%) experienced a survival benefit. The 5-year DFS of patients with a low histopathological response after NAC (Grade 0 -1; 5-year DFS, 28.6%) was almost at the same low level as that of patients who were not treated with NAC (5-year DFS, 38.1%). Even the number of patients of our series was small; similar results were reported by Yano et al. [12] and Konishi et al. [13] . These findings strongly indicate that a good histopathological response to anticancer drugs may be the key for achieving a favorable prognosis in patients with advanced ESCC. We found estrangement between the macroscopic chemotherapeutic effectiveness determined using endoscopy or CT and histopathological chemotherapeutic effectiveness in our series. Thickened fibrotic areas and muscle disarray caused by fibrosis after chemotherapy might be one of the factors responsible for the discrepancy between the macroscopic and histopathologic decisions regarding NAC efficacy [14] . Correct preoperative estimation of NAC is important. If it is decided that the cisplatin plus 5-FU regimen is not effective, it is necessary to change the NAC regimen to another anticancer drug preoperatively, such as docetaxel [15] . Elliott et al. [16] reported that changes in fluorodeoxyglucose uptake and the maximum standardized uptake value of tumors, detected using positron emission tomography with CT, were useful parameters for the prediction of the histological effectiveness of NAC. Additionally, Makuuchi et al. [17] reported that an increased serum level of soluble interleukin-6 receptor predicted a poor histopathological response to NAC, and poor survival in patients with ESCC. Thus, to avoid unnecessary adverse drug effects caused by NAC and to prolong the survival of patients with thoracic ESCC, it is important to elucidate the effective markers of histopathological changes during NAC.
